This paper reports on a model developed for the estimation of direct and indirect employment generated by expenditures on federal-aid highway improvement projects. Data from the Federal
INTRODUCTION
There is a heightened interest in assessing the economic benefits conferred by major expenditures of public money. Highway construction and improvement is a major expenditure category that can yield economic benefits in a variety or ways. Better highways may make firms more productive by making flexible and efficient freight services possible. They may also enhance the utility of individual consumers by providing access to new places and reducing time wasted in congestion. Finally, highway projects yield benefits in their construction phases by creating new jobs and expanding income. The focus of this paper is on quantitative assessment of this latter category of benefit. We present an analytical framework for assessing the number of jobs and amount of employment income generated by specific categories of federal-aid highway construction expenditures.
Highway construction is a relatively labor intensive activity that directly employs a variety of people including laborers, equipment operators, vehicle drivers, engineers, managers and supervisors. Thus, assuming that there is slack labor supply, each construction project creates a number of new jobs directly. It also creates a number of jobs indirectly through its incremental demand for inputs such as steel, concrete, aggregates, lighting equipment etc. Labor is required to produce all of these inputs and to produce inputs to the production of these inputs.
Estimating employment impacts of highway expenditures requires a comprehensive accounting of all direct and indirect employment requirements. Making such assessments on an ad hoc basis for each highway project would be prohibitively complicated. Fortunately, inputoutput analysis makes it possible to calculate direct and indirect output and employment impacts of highway expenditures based on a set of economic accounts provided by the U.S. Department of Commerce.
Anderson, Lakshmanan, and Kuhl These accounts are somewhat limited as relates to highway construction activity. All such activities are aggregated into two industries: one for new construction and one for repair and maintenance. It is therefore not possible to take account of differences in input structure -and thereby differences in employment generation -among different types of highway construction activities. For example, a new bridge project will require more steel per million dollars of construction expenditure than a new road project, which in turn will require more bituminous inputs than the bridge project. The existing accounts, however, include both projects in the same industry and fail to account for these differences. This could lead to errors in estimates of direct and indirect employment.
This paper reports on a project, conducted with the cooperation and support of FHWA, whose objective is to expand upon and improve the existing input-output accounts so as to make possible better employment impact projections for highway infrastructure projects. This is accomplished by supplementing the data in the accounts with information from two databases on the input structure of individual federal-aid highway projects that are available from FHWA.
This makes it possible to disaggregate the two highway construction industries in the existing accounts into 14 more detailed industries and to estimate employment impacts for each industry separately.
INPUT-OUTPUT ANALYSIS
Input-Output (I/O) analysis is an analytical framework for assessing the economic impact of exogenous stimuli such as public sector expenditure on infrastructure. It starts by dividing the economy into a mutually exclusive and exhaustive set of n industries. The output of each industry i is defined by the following accounting relation:
where z ij is the sales of industry i to industry j and y i is the sales of i to final demand. The former category represents intermediate demand, whereby the output of one industry becomes an input to another, while the latter includes sales to final consumers and the public sector, investment in capital goods, and net exports. Expenditure on a publicly funded highway project would be represented in this framework as sales by the construction industry to final demand.
The critical technical assumption in I/O analysis is that the input structure of demand can be defined by fixed technical relations
where the technical coefficient a ij is the amount in dollars of the output of industry i required to produce one dollar's output by industry j. Since these coefficients are fixed, complications such as input substitution and scale economies are precluded. Using (2) , (1) is rewritten
and the production accounts of the entire economy can be defined by the following set of interrelated linear equations: 
This can be rewritten in matrix form as
where x is an (nx1) vector of output levels, y in an (nx1) vector of final demand levels and A is an (nxn) matrix of the techncal coefficients a ij .
I/O analysis assumes that final demand for each industry is exogenous and the objective is to predict the vector of outputs x generated by a given vector of final demand y. By rearranging the terms of (5) it is possible to define output as a function of final demand only:
The ( , ,..., such that l i is the labor requirement (in hours or person years) per dollar of output in sector i. The sum of employment in all n industries can now be defined:
Similar coefficients can be used to project total employment income.
where e is a vector of payments to labor per dollar of output.
Since all the relations in the I/O model are linear, it can be applied to estimating the incremental output and employment effects of a particular final demand stimulus such as the expenditure of public finds on a highway infrastructure project. This is achieved by constructing a special final demand vector
where j is the appropriate construction industry. Putting this vector in place of y in (6) and (7) will produce the estimated output and employment respectively generated directly and indirectly by the project.
DATA RESOURCES
The data required for the analyses described above are drawn from three principal What follows is a summary of the information on the form.
Project Description:
The state and county in which the project is located is provided, whether it is urban or rural, and the start and completion dates. The length in miles for roadways and both miles and number for bridges is also included, as is the total project cost. The form has an entry for "construction type codes" in a section to be completed by FHWA or state highway personnel.
Labor Inputs:
Only two pieces of information are provided: total labor hours and gross earnings. There is therefore no way to break down labor input by skills level or functional category. The instructions stipulate that this should include labor for operation and maintenance of equipment.
Material and Supplies:
A single value is given for the total cost of materials and supplies.
This does not include rental, leasing, or depreciation cost of equipment, but it does include the cost of fuel and lubricants used for the equipment. Materials and supplies are broken down into the categories shown in Table 1 .
4. The Total Project Cost including both the federal-aid and state components.
The sum of the costs for labor and materials and supplies should be substantially less than the total project cost. This is because the latter includes the costs of equipment, overhead and profititems that are not reported on Form 47. Table 2 .)
Because of inconsistencies in the format of project identification numbers, it was only possible to make definitive matches for a small proportion of the FHWA Form 47 records (1266 of 10,604). While this number is small relative to the total size of the Form 47 database, it constitutes a sufficiently large sample for statistical purposes of observations for all the improvement types listed in Table 2 Table 3 .
METHODS
The main analytical task in this study was the construction of new sets of input-output 
where i K is the set of all inputs k produced by industry i.
For a number of inputs, no information is available from Form 47. (This is especially true for service inputs.) In these cases, the technical coefficients are set to default values for the most appropriate of the two road construction categories in the current input-output accounts.
Specifically, each new industry c is assigned to either a set of new construction industries N or a set or repair and maintenance industries R -for example new route construction belongs to the N set and restoration and rehabilitation belongs to the R set .
R c N c
These coefficients must be scaled, however, to ensure that all expenditure coefficients sum to 1.
The method described above can be used to provide input coefficients ic a for each of the newly defined industries, but reveals nothing about the role of these sectors as providers of outputs to other industries (i.e. the ci a ). Fortunately this is not a problem since in general it is not expected that highway construction industries provide inputs to other industries -that is, assume that 0 a ci = for all c and i. This is borne out by the fact that, with a very few exceptions, values of in a and ir a are zero in the existing input-output accounts. Assuming that all 0 a ci = is consistent with assuming that 
RESULTS

In order to calculate I/O technical coefficients, all measures of labor and material inputs
were first converted from physical to real dollar values. The dollar value of payroll for each project was given in the FHWA Form 47 data set. However, to be consistent with the I/O accounts, labor compensation should include both wages and the costs of personal benefits. The payroll values were therefore scaled up to include non-wage compensation, which was assumed to be 27% of total employee compensation -a conservative estimate since, according to the 1997 U.S. Economic Census, the benefits component in goods-producing industries (e.g., mining, construction, and manufacturing) is 30.7%.
Physical measures of material inputs were converted to real dollar values by determining price per physical unit in any given year. Sources of price data are listed in Table 3 . Since price observations were available in only one or a few years for most inputs, the Producer Price Index was applied to create price estimates for all years covered in the data set. Table 4 . In general, the output multipliers based on the calculated coefficients are higher than for the default (TSA) coefficients. Also, there is significant variation in the multiplier effects across improvement types. For example, the output multiplier for minor widening is 16% higher than for environment related.
In order to calculate the direct employment effect the labor coefficient for each improvement type was multiplied by one million dollars. This yields the total dollar value (per million dollars of construction costs) of compensation to workers employed by the construction project.
To calculate total (direct plus indirect) employment effects, the vector of the dollar values of all commodities used (directly and indirectly) to produce one million dollars' worth of each type of highway improvement, was multiplied by the vector of labor coefficients for each commodity-producing industry (equation 7). This is the total dollar value of employment generated from one million dollars' worth of investment in the various types of highway improvement projects. Employment income effects by highway improvement type are shown in Table 5 .
The total employment generation per million dollars of expenditure for the individual improvement types is generally lower than for the reference case, with the exception of 13: environment related, which is higher. There is significant variation across types. For example, Here again the employment effect is slightly lower for the individual improvement types than for the reference case. The gap between the highest and lowest improvement types (13 and 5 respectively) is about 12%.
CONCLUSIONS
The results indicate that there are significant (if not dramatic) variations across improvement types in the employment generation impacts of one million dollars of construction expenditure. This information makes it possible to make projections of aggregate employment impacts of federal-aid programs at the national or state level while taking account of changes in the distribution of funds across improvement types over time and variations in the types of construction expenditures across regions. Thus, the analytical framework described in this paper is appropriate for making a variety of estimates that are important from a policy perspective.
These include:
• Estimates of the total number of jobs generated and employment income earned as a result of each year's federal highway grants. Using the model it will be possible to account for variations from year to year arising not only from changes in expenditure levels but also from changes in the distribution of funds across different types of highway improvement.
• Estimates of employment generation for individual highway projects. This will be of particular interest to state and local governments who will want to know how major projects should be factored into regional employment projections.
• Industry-by-industry breakdown of estimates of output and employment generated by one or more projects. This will be of particular interest to representatives of industrial and labor groups who want to know how federally funded highway construction activity affects their members.
We plan in the near future to extend this line of research in a number of fruitful directions. We hope to make more comprehensive estimates of the role of road construction in the economy by extending the database to include nonfederal-aid road construction projects.
Also, employment and other inputs required for highway construction may run into supply constraints, which are not addressed in our model. This is an issue of increasing policy importance in the current economic environment of high industrial capacity utilization and concern over inflationary pressures. We therefore plan to extend the modeling framework to incorporate supply-side effects. 
